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Panel-shaped acoustic wave generator 



5 

ppi T> OP THE INVENTION 

The present invention relates in general to a panelrshaped acoustic wave 
generator. Particularly, the present invention relates to an iniage display device, of a type 
useable for electiomo devices such as mobile telephones, computers, televisions, etc., which 
10 is provided with acoustic transducer means such that the display device itself can fiilfil the 
fbnction of a loudspeaker so that a separate loudtpeaker can be omitted. However, tiie present 
invention is not restricted to such devices; omamenlal panels are also envisaged. 

HAfTKOROTIND OF THE INVENTION 
15 Panel-shqted acoustic wave generators are known per se. They comprise at 

least one planar plate, and acoustic transducer means capable of cauang said plate to vilnate. 
Such device can be designed as a panel-shaped loudspeaker, as disclosed for example in US- 
6,198,831. 

It is also possible that an image display device, such as for instance an LCD in 
20 a l^top computer, is used as panel-sh^>ed acoustic wave generator such that it can fiilffl the 
function of a loudspeaker, as disclosed for instance in US-5,828,768, in which case tiie 
acoustic transducer means ate external to tiie panel, and comprise a piezo element attached to 
one of tiie plates of tiie panel. 

WO02/082858 discloses an image display device with integrated acoustic 

25 iiansducermeam. This document, whidi is incorporated herein by reference, gives an 
elaborate list of spedfcfic types of image displiQr devices. As explained in said document, a 
dispk^ device comprises two planar plates arrange substantially parallel at a distance fiom 
eadi otiier, and an array of disfday cells, eadi display ceU comprising a 
connected to a fiont plate and a second electrode connected to aback plate with a dielectric 

30 medium arranged between said two electrodes. When an electrical voltage is ^Ued to said 
electrodes, these electrodes exert a mutual electrostatic force to eadi oflier. When fliis 
electrical voltage is an alternating voltage, the front plate and back plate of tiie panel display 
device are caused to vibrate. For causing vibrations in the acoustical range (about 20 Hz - 
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20 kHz), the required drive fiequendes are much lower than fhe signal fiequencies required 
for displaying an image. 

Generally, in a sound reproduction ^stem,* it is desirable to have a feedback 
ftmctionality. An acoustic driver receives an input signal representing the sound to be 
S generated, and generates a drive signal far driving tiie acoustic transducer means. Feedback 
means generate a feedback signal indicating the perfcmnance of die wave generator, which 
feedback signal is fedback to die acoustic driver. The acoustic driver compares the feedback 
signal with an eacpected performance, and adjusts the drive signal accordingly. 

The system described in US-5,828,768 comprises such feedback functionality. 
10 In this case, the feedback means which generate the feedback signal comprise a separate 

microphone which picks up the sound produced by die wave generator. Such inigplementation 
is disadvantageous. 

One disadvantage is the feet that the delay of a microphone-based feedback 
signal is relatively large. 
1 5 Anodier disadvantage is the feet that the microphone is an additional 

component requiring srpace. Especially in small-sized electronic qqpantus, such as for 
instance a mobile telephone, it is desirable to reduce the number of ooniponents as much as 
possible. 

A ferther disadvantage is the feet that microphones may also pickup 
20 undesired acoustical signals (e.g. noise eto.). 

SUMMARY OF THE INVENTIQN 

It is a general objective of the present invention to eliminate or at least reduce 
the above disadvantages. The invention is defined by the independent claims. The dependent 
25 claims delBne advantageous embodiments. 

According to an inq)ortant aspect of die present invention, the wave genemtor 
comprises at least one plate, and feedback means which coniprise a motion sensor having at 
least one sensor component mechanically coiq)led to said plate. Thus, a separate microphone 
may be omitted. The feedback means are cq[>able of directiy measuring die motion of die 
30 vibrating plate. 

According to a fimher important aspect of the present invention, the wave 
generator consprises at least two plates arranged substantially parallel at a distance fixim each 
other, and die feedback means comprise a c^adtive motion sensor, comprising a first 
electrode connected to one plate and a second electrode connected to a second plate. When 
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lSt» plates vibiate widi tesped to each ofher, an electrical signal is developed over said 
electrodes. 

In a special embodimeut of fhe present inventiogD, tiie two plates are part of a 
display device, such as for instance an LCD, vrbidn comprises an airay of display cells, each 

5 ceUconqwising a front electrode and a back electrode, wherein the feedback 

at least one of the display cells of the display device. This special embodhnent of the present 
invention is based on the insight that a planar display device comprises cells which can be 
used as integrated capacitive motion sensors. In Ma respect, the insight of the present 
invention differs fiom the msight of the invention in WO02/0828S, in which case the insight 

10 is that an electrical signal results in a mechanical force. 

TOira? T>BSC! RipnoN of t he drawings 

These and other aspects, features and advantages of ibs present invention will 
be fhrther o^lained by the following description witb reference to the drawing?, in vidbich 
IS same reference nunierals indicate same or dmilar parts, and in which: 

Fig.lA is a schematic cross-section of a first embodimrat of apanel-shq;>ed 
acoustic wave gener a tOT according toihe present invention; 

Fig. IB is a schematic cross-section of a second embodiment of a panel-shaped 
acoustic wave generator according to the present invention; 
20 Fig.2 is a schematic cross-section of a preferred embodiment of a panel- 

shiped acoustic wave generator according to the present invention, implemented in a display 
panel; 

Fig.3 is a block diagram schematically illustrating a feedback function of the 
wave generator; and 

25 Fig.4 is a schenmticfixint view of a display in which the wave generator of the 

present invention is inoplemented. 

PESCRIPTION OF THE INVENTION 

Fig.lA is a sdbematic cross-section of a first emibodiment of a panel-sh£q>ed 
30 acoustic wave generator lA according to tiie present invention. The wave generator lA 

comprises a first planar plate 2 and a second planar plate 3 arranged substantiaDy parallel at a 
small distance D fix)m each other. Mounting and separation means fiir holding the plates at 
the desired distance are not shown for sake of simplicity. The wave generator 1 A further 
cominises an acoustic transducer 4, for instance a piezo-element, attached to the first plate 2. 
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When Hm transducer 4 receives a drive signal So, it exerts mechanical ibices on tbe fiist plate 
2, causing at least the fiist plate 2 to vibrate. 

The wave generator 1 A flnlfaer comprises feedback means 10, comprismg an 
integrated motion sensor 9 having a first electrode 11 and a second electrode 12 attached to 
the plates 2 and 3, respectively, on the plate surftces &cmg each other. These plate surfiues 
will hereinafier be indicated as innor surftces. The respective opposite sur&ces will 
hereinafker be indicated as outer surfiiices. 

In ttie exanqile shown, tiie electrodes 1 1, 12 are arranged at a location 
differing from the location of tiie transducer 4, but this is not necessary. 

The feedback means 10 fiirther comprise a signal generator 13, having inputs 
electrically coupled to the electrodes 1 1 and 12, and having an ou%)ut generating a signal Sa 
which relates to the mutual distance of the electrodes 1 1 and 12 with respect to each otiier, 
and therefere the distance of tiie plates 2 and 3 with respect to each oflier, or at least the plate 
segments where the electrodes are located. 

The electrodes 1 1, 12 axe capaal&wty coupled to each other, and together Ihey 
ferm a cq[>adtive sensor 9, whi(A is soisitive to diqilaoenient of the electrodes 11, 12 with 
respect to each other. This displacement can be translated into an electrical signal and 
processed by tiie signal generator 1 3 in a manner known per se. For instance, when the 
electrodes 1 1, 12 are held at a constant voltage difference, relative movement offbe 
electrodes in a directi<m perpendicular to the surfece of the plates 2, 3 will cause an electric 
current It is noted that eapadAve motion sensors are known per se, therefore a more detailed 
e^lanation of capad&ve motion sensors is omitted here. 

It is noted fliat the sensor 9 is sensitive to motion of the electrodes 11,12 with 
respect to each other, and the sensor signal contains information regarding mutual speed and 
mutual acceleration of the electrodes 11,12 with respect to each other (i.e. first and second 
time derivatives of mutual distance). The signal generator 13 may be designed to selectively 
^nerate its output signal such as to only contain speed information or to only contain 
acceleration information, or both. 

It is noted that tiie electrodes 1 1, 12 should be dectrically insulated fiom each 
otiier. In case the plates 2, 3 are made fixnn a non-conductive material, this requirement is 
met Jn case tiie plates 2, 3 axe made fiom an electrically conductive material, inanlatitig 
means should be arranged between the electrodes and the plates 2, 3, respectively. 
It is further noted that the plates 2, 3 preferably are of equal size, but tiie plates 2, 3 may have 
different sizes. 
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Fig.lB is a cross-section comparable to Fig.lA, illustrating a secimd 
embodiment of a planar-8hai)ed acoustical wave generator IB, which is similar to the first 
wave generator 1 A, except fat the ixnplementation ciHao motion sensor 9, which in this case 
comprises an electrode 14 mounted at the outer sur&ce of the second plate 3, and a third plate 
5 5 arranged at a small distance from tibe second plate 3, substantially parallel thereto. In the 
embodiment illustrated, Ihe Ihird plate 5 itself is electrically conductive and acts as an 
electrode. Alternatively, the fliiid plate may cany a separate electrode, but this is not 
illustraied. 

It is noted tiiat Ihe third plate S may be rqulaced 1^ any suitable reference 
10 object, suitd>]y arranged for cooperation widi the said electrode 14. It is fbrtfaer noted that the 
wave goierator does not necessarily need to have two plates: in the case of a separate 
reference o3>ject 5, it is sufScient for foe wave generator to have only one plate 3, in which 
case foe transducer 4 should be arrangedto engage fois one plate 3. 

bi the enfoodiment diown, the fojrd plate 5 is larger foan the electrode 14, but 

15 this is not necessary. Also, it is not necessary foat foe electrode 14 is mounted oa foe outer 
surfece of foe second plate 3; alternatively, foe electrode 14 may be arranged on foe outer 
sur&ce of foe first plate 2, i.e. the same sur&ce as where foe transducer 4 is arranged. 
This is even preferred in cases where foe mechanical coupling between foe first and second 
plates 2, 3 is weak, so that foe vibration of foe first plate 2 as caused by foe transducer 4 is 

20 not transferred to foe second plate 3, or not sufBciratly, so that foe vibration of foe second 
plate 3 would not be a good source for feedback signals. 

Jn foe embodiments of figures lA and IB, foe plates may in principle have any 
design. In a particular^ preferred enfoodimen^ the plates 2, 3 are the back plate and foe fi»nt 
plate, respectively, of a difipky device c(»nprising an array of display cells, each display cell 

25 cooQirismg a first dectiode connected to sdd front plate and a second elec^ 

said bade plate wifo a dielectric medium arranged between said two electrodes. In such 
embodiment, the electrodes 11 and 12 comprise foe cell electrodes of at least one display cell 
of foe display device. 

Display devices are known per se, so it is not necessary here to g^ve a detailed 

30 explanation of foe design and operation of display devices. WO02/082858, incorporated 
herein by reference, gives a list of different types of display devices, all of which have 
display cells having cell electrodes arranged on opposing surfoces of substrate plates, all of 
foese types of display devices being useable in foe wave generator according to foe present 
invention. 
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Fig.2 is a cross-section, caaapaiable to Fig.1 A, of a prafetred embodiment of a 
panel-shqied acoustic wave generator 101, implemented in a display device 100 comprising 
aback plate 102 and a fiont plate 103 of a suitable material, fbr instance a stiff materia] such 
as glass or ibe like, arranged substantially parallel to each otiier at a small mutual distance D. 
5 A dielectric material 104 is arranged between the plates 102 and 103. This dielectric material 
104 may be any suitable material, including air. In an exemplary embodiment, the display 
device 100 may be an LCD, in which case tiie dielectric material 104 comprises a liquid 
crystal. The display device 100 comprises a plurality of display cells 1 10, each display cell 
110 comprising a pair of electrodes 111, 1 12 arranged (m the inner surfoces of die plates 102, 

10 103, respectively. Each electrode is made from a transparent conductive fihn. Two or more of 
tile electrodes 1 1 1 or 1 12 of different cells 1 10 may be combined to define one common 
electrode, but tins is not shown in tiie figure. Conductive tracks for addrrashig the hidividual 
cells 110, also made fi»m a transparent conductive film, are schematicalfy indicated at 113. 
Each ceU 1 10 may be provided with associated switohmg means, fbr mstance a thin film 

IS transistor, but tins is not shown in the figure fbr sake of dmidicity. 

It is noted that display devices are known per se; therefor^ a more detailed 
descrq>tion of design and operation of different types of display devices is omitted here. 
In Fig.2, two of such displiQf cells are shown, mutually distinguished by the addition of an 
mdex A or B to the corresponding reference numerals. All display cells may be used to 

20 implement a display fimction, but this is not illustrated in the figure. It is noted, however, that 
it is not necessary that all display cells are actually used for their optical display fimctionality, 
and it is even possible tiiat none of tiie display cells is optically active; m that case, the 
disq^lay acts as loudspeaker. 

The preferred wave generator 101 of Fig.2 comprises an integrated acoustic 

25 transducer 140, whidb conqnises a first group 141 of display cells 110. The cells 110 

belonging to this first group 141 will hereinafter also be mdicated as transducer cells llOA. 
An electtical drive signal Sd is i^Ued to tiie transducer cells llOA. All transducer cells 
1 1 OA may receive tiie same drive signal So, but it is also possible that the transducer cells 
llOA are organized into stibgrDups, the cells witiun each subgroup receiving flie same drive 

30 signal but tiie cells m different siibgroiqw receiving different drive signals, in order to obtain 
certain desired acoustic properties like convergence or direction of sound beam. It is noted 
that flie use of display cells as acoustic transducer is known per se; reference is made to 
WO02/082858 in this respect. Therefore, this aspect will not be explained in fiirther detail 
here. 

I 
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The pfefeired wave generator 101 of Fig.2 fasttnet comprises an integrated 
motion sensor 9, which comprises a second group 1 19 of displiQr cells 1 10. The cells 1 10 
belonging to this second group 119 will heiehiafter also be indicated as sensor cells 1 lOB. 
The motion sensor 9 is part of feedback means 10 for generating a feedback signal Sa 
representing the relative motion of the cell electrodes 1 1 IB, 1 12B with respect to each odier, 
similarly as described with reference to figures 1 A and IB. It is noted that diere may be 
diapli^ cells 1 10 which are neither used as transducer cell nor as sensor cell; however, in a 
particular embodiment all display cells are used either as transducer cell or as sensor cell, so 
diat the first group 141 of the transducer cells 1 lOA and the second group 1 19 of the sensor 
cells 1 lOB are complementary to each other. 

Fig.3 is a block diagram schematically iUustiating an electronic qn>aratus 200, 
such as a sound xq;m)duction system, conq;nishig a planar wave generator 101 accordingto 
tiie present invention. The figure schematically shows a part of a displiQr 100 having at least 
one subgroup 241 of transducer cells 1 IQA and at least one siibgnnq* 219 of sensor cells 
1 1 OB. A comroller C recdves the feedback signal Sa fiom the sensor cells 1 lOB, and 
calculates a prediction signal Sp. An acoustic driver AD, for instance implemented as a 
difference anq>lifier, for instance an opamp, has a signal iiqnit recdving an input signal Sin 
and a feedback input receiving the prediction signal Sp firom the craitroller C. The acoustic 
driver AD is designed to calculate the difference between the input signal Sin and die 
prediction signal Sp, which diffbtence is used as drive signal Sd to drive the transducer cells 
llOA. 

If xequned, for instance in case the ou^ut signal Sa fixun the sensor cells 1 lOB 
is not a good enou£^ representation of the movement of the corresponding area of the plates 
102, 103, for instance due to the complicated vibration patterns of the panel, the controller C 
may be provided witii a lookup table (not shown) or the like fbr correcting die prediction 
signal Sp. 

Fig.4 is a schraoatic fiont view of the display 100 to illustiate a preferred 
embodim^ of the wave generator 101 of die present invention. In tins prefened 
embodiment, the display 100 is partitioned into a plurality of display sections ISO. In die 
exan^le of Fig.4, the number of display sections is equal to four, those sections bemg 
labelled 150A, 150B, 150C, 150D, respectively. Each display section 150 has an associated 
acoustical transducer, for instance a piezo element or, preferably, an integrated acoustical 
transducer 140 comprising a groiq> of transducer cells 1 lOA as e^lained with reference to 
Fig.2. Each diq)hQr section ISO has a relatively small area 151 in which the display cells 1 10 
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are used as sensor cells llOB. This small area 151 will hereinafter be indicated as sensOT 
area. Drive signals are generated £w eadi dispk^ section 150 individually by ihe 
acoustic drivers ADa to ADd. In each diq^liQr section 150A, 150B, 150C, 150D, the sensor 
areas 151 A, 151B, liSlC, 151D generate individual section feedback signals Sa^ Sa^, Sa^, 
5 Saj), respectively, hi dependence on respective Input signals Sh^to Si,m> whidi are used to 
generate die individual drive signals Sd^ Sdjb, Sd,c, Sdjd, respectivefy, fbr the correspcniding 
acoustical transducers 140A, 140B, 140C, 140D, respectively. 

In Fig.4, the input signals Sm fbr the di£ferent display sections 150 are shown 
as being different however, these signals may be mutually identical. 
10 It is noted that, in Fig.4, the integrated acoustical transducers 140 are shown as 

occupying only a small part of the corresponding display sections 150 for sdce of clarity. 
However, the integrated acoustical transducers 140 may in fiict be conqilementaiy to the 
corresponding sensor areas 151. 

hx a variation, not illustrated for sake of sinqvlicily, each display section 150 
15 mi^ conopriseapluraUtyofsensarcdl areas 151 in order to obtahingKytionlnfbmiationf^ 
different positions in die corresponding display secticm. In operation, the fieedbadk signal 
fiomtiiemdividual sensor cell areas 151 of a dlspl^ section 150 mi^ be averaged to obtain a 
better measure of the motion of the displi^ section 150 as a whole. 

As is known to persons skilled in the ai% die plates 102 and 103 of display 
20 devices 100 are held at a mutual distance by qtacers 105 ansmged between the plates 102 and 
103; tiiese spacers 105 are shown as bars in Fig.2. In a preferred embodiment, tiie sensor cell 
areas 151 have a reduced number of spacers 105, or are even free from such spacers, m order 
to reduce the stifbess of the soisor cell areas 151. 

It should be clear to a person skilled in the art that tiie present invention is not 
25 limited to tiie exemplary embodiments discussed above, but tiiat several variations and 
modifications are possible witiiin tiie protective scope of the invention as defined in die 
qipending claims. 

For instance, it is not necessaiy that tiie electrodes of the capadtive motion 
sensor 9 are arrange on plate sur&cesduected towards each otiier, although such is 
30 preferred For instance, witiir^rence to Fig.l A, dectiXMles 11 and 12 inay be arranged on 
the outer surfeces of plates 2 and 3. Also, witii reference to Fig.lB, electrode 14 may be 
arranged on the inn» surfece of plate 3. 

Further, the plates may have any design. Preferably, they are planar, but this is 
not essential in the context of the present invention. Further, the plates may have equal size 
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and have a leetangular contour, so tiiat flw panel-duq;)ed acoustic wave generator has a 
rectangular contour. However, the plates mi^ have a different contour, such as for instance 
triangular, or may have curved sides, and tasy even be circular. Furfher, Hbo plates may be of 
a stiff material, like glass or the like, but tiie plates may also be flexible, like thin plastic, so 

S diat the panel-shaped wave generator can be folded or rolled-up. 

As mentioned, in a preferred embodiment, the panel-shiq>ed wave generate is 
integrated m a display device. The display device may be a Uquid liquid crystal display 
device comprismg a liquid crystal material, which liquid crystal layer may for mstance 
compnse a flexoelectric liquid crystal material or a cholestic liquid crystal material or a 

10 forroelectric liquid crystal material. 

Also, the displi^ device may be an electrochromic dispky device comprising 
an electrochromic material arranged between said two plates, said electrochromic material 
having a property of bemg a^le to switdi color m dependence of an electric current or an 
electric potential. 

XS Also, the display device may be an electroidioreticdisEday device conqk^^ 

an electrophcnetic material ananged between said two plates. 

Also, the display device may be a reflective display device ccmqnishig an 
interferometric modulator arranged between said two plates. 

Also, the display device may be a luminescent display device comprismg a 
20 luminescoit material arranged between said two plates. 

Also, the display device may be an organic display device comprising an 
organic light-emitting material arranged between said two plates. 

Also, the display device may be a field-emission display device. 
Aln>, the display device m^ be a foil dispk^ device. 
25 Also, Aediq^l^ device nuqr be a plasma displiQr device. 

Also, flie display device mttybe aplasmaraddressed liquid crystal display 

device. 

Advantageously, the wave generator of flie present invention is part of an 
electronic apparatus. Such electronic apparatus may, for instance, be a sound rqxroduction 
30 system, or a mobile telephone, or an image screen, or an ornamental panel, or a loudspeaker 
device. 

It should be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the ait will be able to design many alternative 
embodiments without departing fi»m the scope of the ^»pended claims. In the claims, any 
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reference signs placed between paienlheses shall not be construed as limiting tbe claim. Use 
of die veib "comprise** and its coqju^ttions does not exclude tibe presence of elonents or 
steps other than those stated in a claim. The article '*a'* or "an** precedmg an element does not 
exclude die presence of a plurality of such elements. The invention may be inq;>lemented by 
S means of hardware conqarismg several distinct elements, and by means of a suitably 
programmed coaqyuter. In tiie ctevice claim enumerating several means, several of these 
means may be onbodiedby one and tiie same item of hardware. The mere ftct that certain 
measures are recited in mutually different dependent claims does not indicate that a 
combination of these measures cannot be used to advantage. 



10 
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CLAIMS: 



1. Panel-sluqped acoustic wave geneiator (lA; IB; 101), coiiq[>risiiig: 
at least one plate (2, 3; 102, 103); 

acoustic transducer means (4; 140) fbr of causing said plate to vibrate; 
feedback means (10) fixr generating a feedback mgoal and 
5 comprising a motion sensor (9) having at least one sensor component (11,12; 14; 1 1 IB, 
112B) mechanicaUy coupled to said plate (2, 3; 3; 102, 103). 

2. Wave generator according to claim 1, tiie at least one plate (2, 3; 102, 103) 
comprising a first plate (2; 102) and a second plate (3;103) arranged substantially parallel at a 

10 distance (D) fiom each othei^ 

said motion sensor (9) comprising a first sensor component (1 1 ; 1 1 IB) mechanically coupled 
to the first plate (2; 102) and a second sensor component (12; 1 12B) mechanicaUy coupled to 
tlie second plate (3; 103). 

IS 3, Wave generator according to claim l.wherehk said motion sensor (9) 

comprises a reference comp(»ient (5) cooperating widi said one sensor component (14), said 
reference conqponent (5) preferably befaig a third plate arranged substantially parallel to said 
one plate (3) at a distance fherefixmi. 

20 4. Wave generator according to claim 1, wherein said at least one sensor 

component (1 1, 12; 14; 1 1 IB, 1 12B) is integrated in the corresponding plate (2, 3; 3; 102, 
103). 

5. Wave generator according to claim 2, wherein said feedback means (10) are 

25 adapted 1o generate a feedback signal (Sa) representing a relative motion of at least a portion 
of tiie first plate (2;102) wifli respect to at least a portion of the second plate (3;103). 
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6. Wave generator accoi^g to claim 3, wherein said fisedba^ 

adapted to generate a feedback signal (Sa) lepresenting a relative motion of at least a portion 
of said plate (3) witii respect to said reference component (5). 

S 7. Wave g^ecator acc(»ding to claim 2, wherein said motion sensor (9) is a 

ci^acitive sensor. 

8. Wave generator according to claim 2, wherein said first and second plates 
(102, 103) comprise a fiont plate (103) and a back plate (102), respectively, of a diapl^ 

10 device (100) comprising an array of display cells (1 10), each display cell (1 10) comprising a 
first electrode (1 1 1) connected to said back plate and a second electrode (1 12) connected to 
said front plate with a dielectric medium (104) arranged between said two electrodes; 
and wherein said motion sensor (9) is an int^rated sensor comprising at least a part of at 
least one display cell (1 lOB) of the display device. 

15 

9. Wave generator according to claim 8, wheiehi said acoustic transducer means 
(140) are integrated transducer means comprising at least a part of at least one display cell 
(1 lOA) of the display device. 

20 10. Wave generatcn: according to claim 9, wherein said mtegrated motion sensor 

(9) comprises a fihrst group (119) of display cells (llOB), and wherein said integrated 
transducer means (140) conqMise a second ffoup (141) of display cells (llOA), said first and 
second groups (119, 141) differing from each other. 

25 11. Wave generator according to claim 8, wherein the display device (100) 

conapiises a plurality of spacers (105) between the said plates (102, 103); 
wherein the density of spacers (105) in a display area (151) corresponding with sensor cells 
(1 lOB) is less dian the density of spacers (105) m r^ons outside said display area (151). 



12. Wave generator according to claim 8, wherein said display device (100) is a 

liquid crystal display device comprising a liquid crystal layer arranged between said two 
plates (102, 103). 
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13. Wave generator accoiding to claim 1, being subdivided into a plurality of 
sections (150), each section (150) coniprising an associated acoustic transducer means (140) 
and at least one associated feedback means (151), wherein a drive signal for an acoustic 
transducer means (140) of a section (150) is generated on the basis of «he feedback signal 

5 fixnn the conesponding feedback means (151). 

14. Electronic apparatus (200), comprising: 

a wave generator according to claim 1; 

an acoustic driver (AD) comprising: 
10 - a signal input for receiving an mput signal (Sin); 

a feedback ix^ fer receiving a feedback signal (Sp) fiom the 

feedback meai» (HOB); 

a drive output coupled to an irput of tbe acoustic transducer means 

(llOA); 

15 Ae acoustic driver (AD) behigadipted to generate at its drive output a corrected drive signal 
(Sd) on ^ basis of the mput signal (Sin) and the feedback signal (Sp). 

15. Method for generating sound using a panel-«hiq?ed acoustic wave generator 
(lA; IB; 101) comprising two plates (2, 3; 102, 103) arranged substantially parallel at a 

20 distance from each oHier, 

the method comprising die step of generating a feedback signal (Sa) representing a relative 
motion of at least aportion of one of said plates with respect to at least aportion of the other 
of said plates. 

25 16. Method accordhig to claim 15, wherein said feedback signal (Sa) is generated 

uang a ct^ncitive motion sensor (9) having sensor components (1 1, 12; 1 1 IB, 1 12B) 
mechanically coupled to said plates (2, 3; 102, 103). 
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A panel-shi^ acoustic wave generator (1 A; IB; 101) comprises one or more 
planar plates (23;102,103). In an embodiment two planar plates (2, 3; 102, 103) are arranged 
substantially parallel at a distance (D) ftom each other, while the wave generator 
(1A;1B;101) further inchides an acoustic transducer unit (4; llOA) for causing at least one of 
the plates to vibrate and a motional feedbadc unit (10; HOB). The motional feedback unit 
(10;1 lOB) comprise an integrated motion sensor (9) which comprises a first sensor 
con^nent(ll; 1 1 IB) mechanicany coupled to a first plate (2; 102) and a second sensor 
consent (12; 1 12B) mechanically coupled to a second plate (3; 103). 
In a specific embodiment, Hao wave generator is implemented as a display device (100) 
wherein flie feedback means comprise at least one display ceU (1 lOB) of the display device. 



Fig. 2 
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